Most of electricity power in China comes from coal and hydropower. Already, China must import nearly half of its oil. Concerns about power capacity shortages and air pollution are all adding urgency and pressure to switch to alternative technologies and renewable energy. Among renewable energy sources, wind power and solar photovoltaic power are playing key roles in China, and are the fastest-growing power generation technologies. So this paper focuses on them and analyzes the corresponding technical properties of them. First of all, wind power transforms the kinetic energy from the wind into electricity by using wind turbines. Thus the basic components of wind turbines are described. Wind speed is an important factor to wind energy. So the features of wind speed are analyzed, and the wind energy is calculated. Second, the technical properties of solar photovoltaic power are discussed, including photovoltaic cells and modules, battery, inverter and photovoltaic controller. Photovoltaic energy is also analyzed and calculated. Third, the environmental impacts of wind power and solar photovoltaic power are presented. Finally, the relevant conclusions are drawn.
Introduction
With the serious problem of environmental pollution caused by fossil fuel, wind and solar photovoltaic power have emerged as two of the most attractive clean technologies and they are planned to be major sources of future electricity needs [1] . Wind and solar photovoltaic power have gained extensive interests, and they are the most mature and cost effective resources among different renewable energy technologies [2] .
Wind power is a source of renewable power which comes from air current flowing across the earth's surface. Solar photovoltaic power comes from the sunlight irradiates the earth's surface. They are affordable and sustainable. Since wind and sunlight are free and inexhaustible, the price of wind and solar photovoltaic power is stable, which is unlike electricity from fossil fuel powered source that depends on fuel whose price is costly and may vary considerably. Nevertheless, the major challenge of wind and solar photovoltaic power is that they are the intermittent power supplies, because wind doesn't always blow and sometimes there is no sunlight. Figure 1 shows the intermittent nature of wind power.
Due to the intermittency characteristics of wind and solar photovoltaic power, it results in the variability, unpredictability, and uncertainty of wind and solar sources [3] . Thus the integration of wind and solar facilities to utility grid presents a major challenge to power system operator, it would cause some problems when integrating a large amount of wind and solar photovoltaic power into the existing electrical grid. Such integration has significant impact on the optimum power flow, transmission congestion, power quality issues, system stability, load patch, etc. [4, 5] . So, in order to analyze the impacts on power system plan and operation in depth, the technical properties of wind and solar photovoltaic power must be considered. This is the aim of this paper. The paper analyzes and studies the corresponding technical properties, including wind turbine, wind speed, wind power and energy, photovoltaic cells and modules, battery and inverter, photovoltaic controller and energy, to provide the analysis basis and reference for further research of power system containing wind and solar power.
Technical Properties of Wind Power

Wind Turbine
A wind turbine is the machine which converts the kinetic energy from wind into mechanical energy [6] , as shown in piece of machinery with aerodynamically designed rotor and efficient power generation, transmission and regulation components [7, 8] . Its size ranges from a few Watts to several Million Watts. Most of today's commercial machines are horizontal axis wind turbine with three bladed rotors. The followings introduce briefly some of the main components of wind turbine.
• Rotor/Blades: The blades together with the hub are called the rotor. The rotor drives the generator by harnessing the kinetic energy in the wind. The blades are aerodynamically shaped to best capture the wind. The amount of energy wind turbine can capture is proportional to the rotor sweep area.
• Generator/Alternator: It is the part which produces electricity from the kinetic energy captured by the rotor. A generator produces DC power and an alternator produces AC power, depending on the application for the turbine.
• Nacelle: It is the housing which protects the essential motorized parts of a turbine.
• Gearbox: It is used for most turbines above 10kW to match the rotor speed to the generator speed. The power curve of a wind turbine is a graph that represents the turbine output power at different wind speed [9] . It is usually provided by the turbine's manufacture. Figure 3 shows an example of a wind turbine power curve. It is notable that the output power is zero at speed from 0 to 2.5 m/s. This happens due to there is not sufficient kinetic energy in the wind to move the wind turbine rotor. Normally the manufactures provide technical data sheets where the start up wind speed of the turbine is given. Generally lower start up wind speeds result in higher energy coming from the turbine. Sometimes the power curve information may be shown in a table format. Some manufactures offer the exact power values at different wind speed and present this in a table. The power curve is then obtained by plotting the table values.
Wind Speed
No other factor is more important to the amount of wind power available to a wind turbine than wind speed. Because the power in wind is cubic function of wind speed, changes in speed produce a remarkable effect on power. Doubling the wind speed does not double the power available it increases a whopping eight times.
Wind speed varies over time. Wind speed varies by the minute, hour, day, season, and even by year. It is influenced by weather system, the local land terrain and its height above the ground surface. The average speed is composed of winds above and below the average. The cube of the average wind speed is always less than the average of the cube of wind speed. Using the average annual wind speed alone in the power equation would not give the right results. It's the wind speed above the average that contributes most of the power.
Since wind speed varies, it is necessary to capture this variation in the model used to predict the energy production. It is usually done using probability functions to describe wind speed over a period of time. The variation in wind speed is best described by a probably density function (PDF) [10] , as shown in Equation (1) . A PDF is used to model the wind velocity variation. It provides the probability that an event occurs between two end points. The area under the curve between any two speeds greater than zero will equal the probability that wind will blow somewhere between those two speeds.
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where v represents in this case the wind speed, α is the shape factor and θ is the scale factor. For a given average wind speed, a smaller shape factor indicates a relatively wide distribution of wind speeds around the average, while a larger shaper factor indicates a relatively narrow distribution of wind speeds around the average. Wind speed calculated includes two types, i.e., the arithmetic mean wind speed and the cubic root cube wind speed [11] .
The arithmetic mean wind speed is what normally known as the average wind speed. It is given by:
where f (v) is the Weibull PDF, v is the data vector of measured wind speed, v min is the minimum measured wind speed and v max is the maximum measured wind speed. The use of arithmetic mean wind speed tends to underestimate the electric power production. The cubic root cube wind speed produces a better estimate of actual power production. To find the cubic root cube average speed, the data vector of wind speed is elevated to the cube and multiplied by the PDF. The function is integrated between v min and v max . Then it is elevated to cubic root. The result is the cubic root cube average speed, which is defined as:
Likewise, where f (v) is the Weibull PDF, v is the data vector of measured wind speed, v min is the minimum measured wind speed and v max is the maximum measured wind speed.
Wind Power and Energy
Wind power is a function of air density, the area intercepting the wind and the wind speed [12] . It is calculated as below:
where P is the output power in watts, ε is the air density in kg/m 3 , S is the area in m 2 where wind is passing and v is the wind speed in m/s.
Wind energy is power over some unit of time. The energy production can be calculated substituting the average wind speed value in power Equation (4). Then multiplying the Equation (4) by the hours of the period, the energy is obtained as shown below:
where E is the total energy in Wh, H is hours, D is days, and the variable v can be either the arithmetic mean wind speed or the cubic root cube wind speed, but using the cubic root cube wind speed is better estimation of the average wind speed than the arithmetic mean wind speed.
Technical Properties of Solar Photovoltaic Power
Photovoltaic Cells and Modules
Photovoltaic cells consist of semiconductor material, i.e., silicon, which is at present the most often utilized [13] . Photovoltaic cells have electric fields which can force electrons to flow in a certain direction. The flowing of electrons is a current and it can be used externally. Because of depending on the behavior of the solar resource, the electricity produced by photovoltaic cells is intermittent. The technology used is modular, since it could be connected to pre-existing installations of photovoltaic panel, as shown in Figure 4 , and replaced individually. The efficiency of photovoltaic cells decreases with increases in temperature. Photovoltaic panel reacts directly to sunlight. The chances of change in weather could block sunlight, such as clouds, rain and sandstorms.
Photovoltaic modules are made up of interconnected photovoltaic cells. The cells in the modules are connected together in a designed configuration to deliver useful current and voltage. The cells connected in parallel increase the current output, while the cells connected in series increase the voltage output. Groups of several photovoltaic modules connected together are called solar array.
Battery
Battery is a device which stores DC electrical energy in electrochemical form for later use [14] . Due to not all batteries rechargeable, they are divided in two categories. The first category can't be recharged and only converts chemical energy to electrical energy. The second can be recharged. Because energy is lost in the chemical reaction during charging or recharging, the conversion efficiency of battery is not perfect. The internal components include positive and negative electrodes plates [15] . The life of battery is directly related to how deep the battery is cycled. Discharge depth refers to how much capacity could be used from the battery. Most systems are designed for regular discharges up to 40 -80 percent.
Temperature can affect the performance of battery. The capacity of battery will increase at higher temperature and decrease at lower temperature. The life of battery will increase at lower temperature and decrease at higher temperature.
Equation (6) describes how to calculate the number of batteries connected in series to reach the voltage required by the system. Where V DC is the DC system voltage (Volt), V B is the battery voltage (Volt).
Equation (7) describes how to calculate the number of batteries connected in parallel to reach the Amp hours required by the system. Where C R is the required battery bank capacity (Ah), C S is the capacity of selected battery (Ah).
The total number of batteries needed can be obtained by multiplying the number in series and the number in parallel as shown in equation (8) .
Inverter
The inverter converts the DC electrical energy to AC electrical energy, which can then be used to operate AC devices like the ones plugged in to most household electrical outlets [16] . The normal output AC waveform of inverter is sine wave with frequency of 50/60 Hz. Inverters are available including three different categories, i.e., grid tied battery less, grid tied with battery back-up and stand alone. The most popular inverters are grid tied battery less. These inverters directly connect to the public utility, using the utility power as storage battery. When the sun shines, the electricity comes from the photovoltaic via the inverter. If the photovoltaic array produces more power than used, the excess is sold to utility power company through the electric meter.
Inverter sizing contains calculating the number of inverters needed for the photovoltaic system. When selecting an inverter must have a DC voltage equal to inverter DC voltage and have an AC voltage and frequency equal to home and utility values.
Equation (9) describes how to calculate the number of inverters needed. Where P L represents the maximum continuous power loading home consumes, P I is the maximum power supplied by the inverter.
Photovoltaic Controller
The photovoltaic controller operates as a voltage regulator. Its primary function is to prevent the battery from overcharged. When the batteries are fully charged, the controller will stop or decrease the amount of current flowing into the battery. The average efficiency of the controller ranges from 95% to 98%.
If high current is required, two or more controllers can be used. When more than one controller used, it is necessary to divide the array into sub-arrays. Each subarray is wired into the same battery bank. The photovoltaic controller contains the five different types, i.e., shunt controller, single stage series controller, diversion controller, pulse width modulation controller and maximum power point tracking controller. The maximum power point tracking controller is the best for photovoltaic system at present. It allows the controller to track the maximum power point of the array throughout the day to delivery the maximum available solar energy to system. Before maximum power point tracking controller was available, the array voltage would be pulled down slightly above the battery voltage while charging.
When selecting a controller must be sure → ensured it has an output voltage rating equal to the nominal battery voltage, also the maximum photovoltaic voltage should be less than the maximum controller voltage rating.
Photovoltaic Energy
Hourly average solar radiation values are usually used to calculate the photovoltaic energy (kWh) generated for one year at a specific site, as shown in Equation (10) .
where E Y is the yearly expected photovoltaic energy production at a given site (kWh), P PM (R AVE ) is the photovoltaic module output power at an average hourly solar irradiation (R AVE ), T PM (R AVE ) is the time of the sun hit the photovoltaic module at R AVE , the product of 365 is to change daily to yearly quantities.
Environmental Impacts of Wind and Solar Photovoltaic Power
The impacts of wind power on environment are relatively small. The impacts on wildlife in operation stage are related to the noise of wind turbines. Due to the power lines associated with wind farms, it may cause electromagnetic radiation or possible forest fire. For offshore wind farms, the impacts are those with regard to fishing, navigation and effects on marine life. The power lines buried under the seabed could have an impact on breakable ecosystems. If the offshore wind farms close to shore, they may have an impact on birds. The first aspect of the environmental impacts of solar photovoltaic power is about aesthetics when its components installed. Photovoltaic panels may occupy some spaces, e.g., building roofs, road and railroad margins. The second aspect of the impacts is associated with the photovoltaic cells production. During the production process and the arrangement stage, it uses some poisonous materials, which are harmful to environment.
Conclusions
Wind energy transforms the kinetic energy from the wind into usable electricity by utilizing wind turbine. Wind turbine is composed basically of a tower base, three blades and a generator at the middle hub where the motion of the blades is transformed into electricity by means of inductance. The advantage of power curve is that it includes the wind turbine efficiency. Wind speed is a quite important element to wind energy. By the Weibull probably density function (PDF), the wind velocity variation can be described accurately. Combined with the Weibull PDF, the arithmetic mean wind speed and the cubic root cube wind speed can be derived and calculated. Based on the obtained wind speed, wind power and energy can be calculated. Solar photovoltaic power generates electricity from the sunlight radiation. When sunlight strikes photovoltaic cells, the direct current is generated. Photovoltaic modules consist of interconnected photovoltaic cells. To increase the voltage and current output, photovoltaic cells are connected in series and parallel respectively. For storing DC electrical energy for later use, battery is necessary. The features of battery could be influenced by temperature. The life of battery is directly relevant to how deep it is cycled. To convert DC electrical energy to AC electrical energy for AC devices running, the inverter must be provided. The type of grid tied battery is less commonly used in some inverters types. The photovoltaic controller serves as a role of voltage regulator to prevent battery from overcharged. To calculate the photovoltaic energy at a given site, hourly average solar radiation values are used.
From these derived technical properties, the analysis basis and reference can be provided for further study on the power system including wind and solar photovoltaic power.
